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1. Background and Objectives

Exosomes are vesicles involved in intercellular communication and are gaining attention in medical applications. We
previously created engineered exosomes (AP-EVs) expressing a tumor antigen—-MHC class I complex, CD80, and IL-2 via
gene transduction. These activated tumor-specific CD8" T cells in mice, showing strong antitumor effects (J Extracell
Vesicles.14(4):¢70035 (2025)).

To advance exosome-based drugs, large-scale production and in vivo pharmacokinetic evaluation are essential but remain
undeveloped. Exosomes from cultured cells yield low quantities and may contain impurities. This study integrates exosome
engineering with delivery and evaluation technologies to develop mRNA drugs that trigger tumor-specific immune responses.
Lipid nanoparticles (LNPs) targeting cancer cells are used to deliver mRNA, inducing engineered exosome release that
stimulates CD8" T cells. Fluorescent and PET labeling will assess delivery and guide optimization.

2. Research Framework and Strategy

The project is led by Rikinari Hanayama and Tomoyoshi Yamano at Kanazawa University, in collaboration with Takashi
Nakamura (also at Kanazawa University), Masahiro Yasunaga at the National Cancer Center, Hidefumi Mukai at Nagasaki
University, and Nissan Chemical Corporation. Key components included AP-EV mRNA construction, LNP design, antitumor
testing, in vivo imaging, and PET tracking.

3. AP-EV mRNA Design and Evaluation

We designed mRNA encoding chimeric proteins combining MHC I-tumor antigen and IL-2 with exosomal tetraspanins.
Codon optimization and enhanced 3’UTR sequences improved expression. Using the MC38 mouse colon cancer model, we
created AP-EV mRNAs targeting RPL18 (a neoantigen) and OVA (a model antigen).

In tumor-bearing mice, AP-EV mRNA induced exosomes triggered clonal expansion of CD8" T cells, supporting the
mRNA’s ability to elicit antigen-specific immune responses in vivo.

4. Optimizing LNP Delivery and Efficacy

We developed HER2-targeting LNPs (HER2-LNPs) by attaching HER2 nanobodies to PEG lipids. These LNPs selectively
entered HER2-positive cells, confirmed via antibody blocking studies.

In vivo, HER2-LNPs accumulated in tumors. Optimized PEG/nanobody concentrations enhanced mRNA expression in
tumors. Mice injected with HER2-LNPs carrying AP-EV(OVA)mRNA showed stronger antitumor effects than with
unmodified LNPs, indicating localized immune activation via engineered exosomes.

5. Imaging Pharmacokinetics and Efficacy

Fluorescent dyes DiR and DiD enabled tracking of LNPs. DiR visualized whole-body tumor accumulation, while DiD
showed detailed distribution in tissues. Immunostaining for CD3* and IFN-y* cells confirmed immune activation after LNP
delivery, proving the immunological mechanism of mRNA-based antitumor effects.

6. PET-Based Tracking

For PET imaging, Luc-mRNA was radiolabeled with **Cu via hybridized oligonucleotides. The labeled mRNA-LNPs
remained stable and allowed detailed tracking of blood retention and tumor accumulation.

Unlike conventional LNPs, our design reduced liver uptake and enhanced tumor targeting, likely by avoiding apoE-
mediated clearance through optimized PEG lipids—highlighting its promise in cancer mRNA delivery.

7. Conclusion and Outlook

This study validates a new cancer immunotherapy strategy: mRNA drugs that trigger exosome production in tumors to
activate immunity. In vitro and in vivo data confirmed this mechanism.

Combining mRNA-LNPs with fluorescence and PET imaging enabled comprehensive evaluation. Future plans include
further mRNA/LNP optimization and combining with other immune therapies. Clinical translation will also be pursued,
supported by existing international patents with Nissan Chemical (W0/2021/172596, W0/2023/033124). The project
continues to move toward practical application through industry-academic collaboration.



